INTRODUCTION
The affinity binding of several amino acids such as glutamic acid, glycine and gamma-aminobutyric acid has been reported in membrane preparations of brain (l-4) . This binding has been used as a measure of postsynaptic sites specific for a particular amino acid neurotransmitter. Criteria used to establish the identity of these sites include: l) specificity of the interaction and also stereospecific selectivity in several cases; 2) saturable, reversible binding kinetics with a high affinity between membrane and ligand; 3) independence of binding on the presence of the sodium ion (5); 4) no energy dependence of the interaction, temperature should not have a major effect on binding velocity; 5) physiological relevance and appropriate inhibition by known antagonists.
We are here reporting that several of these characteristics can be found in interactions between brain membranes and amino acids not thought to be neurotransmitters and also in interactions between putative amino acid transmitters and nonneural protein preparations. Such binding can be of high affinity, stereospecific, reversible and saturable. However, specific neurotransmitter antagonists have little inhibitory effect on the binding. It is likely that most specific high affinity binding of amino acids by nervous tissue is not related to synaptic function. Preparation of membranes -Optic lobe, liver and heart tissue was dissected out from embryonic or new hatched chicks, weighed and frozen at -aooc. Frozen regions were homogenized in 20 volumes of 0.32M sucrose and the suspension centrifuged (ten minutes, 40,000 g). Precipitates were resuspended in 20 volumes cold distilled water and recentrifuged (ten minutes, 40,000 g). The final pellet was then frozen for one hour at -2ooc, thawed and suspended in 20 volumes cold distilled water. Another cycle of centrifuging and refreezing was then carried out. The final pellet was taken up in 20 mM Tris-HCl (pH 7.1) to make a concentration of around 10 mg original tissue/ml. A O.l ml aliquot of this was used in the binding study.
In some instances the final suspension was extracted with an equal volume of chloroform-methanol (2:1 V/v) and after centrifugation, the protein residue was washed with 10 ml Tris Buffer, centrifuged and taken up in Tris buffer for incubation.
Heat-denatured albumin and globulin preparations were prepared by heating solutions in distilled water (20 mg/ml) to 720C for three minutes. The washed precipitate was taken up in Tris buffer (1 mg/ml) for affinity binding assay.
Binding -The standard binding assay was carried out in a volume of 1 ml 50 mM Tris-HCl buffer at 300C for 15 minutes. The reaction mixture consisted of 0.1 ml of a membrane preparation, and 0.1 to l/UCi of a labelled ligand. Nonradioactive ligand or inhibitors were also included in some experiments. Specific activities of the tritiated ligands used were 2-3H-glycine (9.39 Ci/ llJTIOle), L-6-3H-glutamic acid {25 Ci/rnmole), L-4-5-3H 1eucine (58 Ci/lllllole), 3H-GABA (gaseously labelled 12
The final concentration of labelled compounds was around 4 X lo-BM. At the end of incubation, tubes were centrifuged (ten minutes, 40,000 g). Supernatants were co 11 ected to determine unbound radi oa cti vi ty. Pe 11 ets were washed once in 4 ml Tris buffer and recentrifuged. These pellets were then dissolved in 0.5 ml of a tissue solubilizer {NCS, Amersharn Searle, Inc.) at 45°C. This solution was then mixed with 5 ml of scintillation fluid and radioactivity counted at an efficiency of 31.5%.
RESUL rs Binding of amino acids to brain membranes
Many of the amino acids studied bound to cerebral membranes with high affinity. This binding was stereospecific, saturab1e and reversible. Scatchard plots were used to determine Ko values and these were around lo-7M (Table 1) .
In our studies, receptor concentration was limiting and was considerably below the Ko values. Thus, the affinity constants found are not likely to have been underestimated {6).
The inhibition of specific binding of 5 x 10-BM amino acids by incubation together with various compounds at 10-4M is shown in Table 2 .
Specific binding was taken as that displaced by lo-4M glutamate and constituted around 80% of all bound 3H-glutamate. The only other amino acid that competed, strongly for 1-glutamate binding sites was 1-aspartate. 0- of membranes with 5 x lo-BM 3H-l-glutamate, 77% of the specifically bound counts could be displaced. Several amino acids that are not thought to be neurotransmitters also showed high affinity, stereospecific binding to brain membranes. Table 2 shows the extent of cross-competition between various compounds. Leucine binding was blocked by valine but not alanine; B-alanine inhibited glycine binding.
No inhibition of glutamate binding by GABA was observed. A similar specificity has been found by Fiszer de Plazas and DeRobertis (7) , but inhibition of glutamate binding by GABA has also been reported (3}. The interactions we observed possessed a high degree of specificity. The biological relevance of such binding was suggested by the complete failure of two unnatural amino acids {d-leucine and alpha-aminoisobutyric acid) to act as ligands for specific binding.
These events were thought to be true binding and not high affinity transport phenomena for several reasons: l) No dependence on ATP or other energy sources was found.
2) No major temperature dependence was detected.
3) Frozen-thawed, lysed membrane preparations were used successfully.
4} Alpha-aminoisobutyrate, a potent competitor in low affinity uptake systems for neutral amino acids (8) did not block binding. It is possible that some of the binding measured is to the carrier proteins related to the transport process.
Effect of Postsynaptic Inhibitors
Several blockers of postsynaptic binding had little effect on the interaction between brain membranes and putative neurotransmitter amino acids (Table 3) . Thus, l0-4 M kainate or n-methyl aspartate did not block glutamate binding to a great extent, l0-6 M strychnine did not interfere with glycine binding and GABA binding was not greatly inhibited in the presence of 10-4 imidazole acetic acid, bicuculline or bicuculline methiodide, a derivative that is less subject to hydrolysis. The effect of 10-4 M of the unlabelled amino acids on total binding (specific and nonspecific) is also given in order to illustrate the specific nature of most of the binding. 
Binding to Non-Neural Membranes and to Non-Membranous Preparations
All compounds that bound to brain membranes also bound with similar characteristics to membranes prepared from liver or heart muscle ( Table 4 ).
The specificity, affinity and site-density of these interactions were suggestive of high affinity, specific binding. D-leucine and alpha-aminoisobutyrate did not bind to these membranes.
Since high affinity binding was not confined either to nerve tissue or to amino acids suspected of being neurotransmitters, we investigated the possibility that intact membranes were al so not es sen ti al for this phenomenon. We have used two non-membranous preparations, both free of lipid, heat denatured albumin and chloroform-methanol treated tissue (Table 5 ).
Specific binding for a variety of amino acids was found in the chloroform-methanol insoluble residue of extracted brains, and this was often very stereospecific. Lesser binding was found in the case of heat denatured albumin, but in both preparations the bulk of binding was specific. A stereospecific low affinity binding site (Ko 1.6 x l0-4M) for 1-tryptophan has been reported foralbumin (9) . 
DISCUSSION
The existence of widespread, high affinity binding sites for biological amino acids has not been previously described in higher organisms. However, such sites are known in bacteria where amino acid binding proteins have been purified and appear to be involved in amino acid transport systems (10,ll).
The specificity that we have found in chick tissue is as great as that reported to severely block GABA binding has also been previously reported (13, 14) .
Several studies exist where the binding of labelled amino acids in the presence or absence of excess unlabelled amino acid, has been used to identify the properties of postsynaptic receptor sites. These include reports on GABA, glycine and glutamate (l-5, 14) . It is possible that non-synaptic binding cou1d have contributed to the specific binding observed in these studies.
Labelled pharmacological antagonists may be more likely than amino acids to have a specific affinity for synaptic binding sites. Another approach to the isolation of binding sites that are related to nerve function may be the chromatographic fractionation of proteins. While we have found that proteins insoluble in organic solvents are able to bind several amino acids stereospecifically, the postsynaptic binding sites for amino acids thought to act as transmitters may be hydrophobic proteolipids (7, 15) . The separation of synaptic binding sites from a large excess of non-synaptic sites may be achieved by fractionation techniques.
